Structure and Expression of VEGFE Family :
Isolation of Bovine cDNA Encoding
VEGF-B,VEGF-C and PIGF, and Quantitative
Analysis of Their Expressions in Microvascular
Endothelial Cells and Pericytes
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Table 1. Nucleotide sequences of the primers used in RT-PCR and probes for detection of PCR products

mRNA 5" primer 3' primer

Probe

Human VEGF
Bovine VEGF Same as above

Human VEGF-B  5-GCCAAACAGCTGGTGCCCAG-3'
Bovine VEGF-B 5-CACAGCCAGTGTGAATGCAGAC-3'
Human VEGF-C  §-GGTCCTTCCACCATGCACTTGGC-3'
Bovine VEGF-C  5-GAACAAGGCTTATGCAGGCAAAG-3'

Human PIGF 5-ACCATGCAGCTCCTAAAGAT-3'
Bovine PIGF 5-GTGCCCTTCCAGCAAGTGTG-3'
3 -actin 5-ATCACCATTGGCAATGAGCG-3'

5'-GGCCTCCGAAACCATGAACTTTCTGCT-3'  5-CCTCCTGCCCGGCTCACCGC-3'
Same as above
5-CTTGGCAACGGAGGAAGCTG-3'
5-GATGGCAGCCTTGGAGAGAC-¥
5-GCATGCATTGAGTCTTTCTCCACTC-3'  5-CTCTGTTATGTTGCCAGCCTCCTTTCCTT3'
5-CCACATCTGTAGACGGACACAC-3
5-CACTGAATTCCTGAGGGTCCTG-3'
5-CTCTTCCGAGGGACTGGTTAC-3
5-TTGAAGGTAGTTTCGTGGAT-3'

5-GGTGAAGTTCATGGATGTCATTCAGCGCAG-3
S§-CACACACTCCAGACTTTCGTCATTACAGCAG-3'
5“TCTGCATTCACACTGGCTGTGTTCTTCCA-¥
5-CACTGAGTCTGAAAAGCAGTTTGTCACCTTCG-¥

5'-GTGGCATGCATTGAGTCTTTCTCCACTCATTAT-3'
5-CTGAGAGAACGTCAGCTCCACGTAGGA-3'
5-TCCACAAAGAAGGGCTGGTCCAGAGA-¥
5-TGAGGCACTCTTCCAGCCTT-3

Table 2. Nucleotide sequences of the primers used for construction of the templates for competitor RNAs

mRNA 5' primer

Human VEGF

5-GGCCTCCGAAACCATGAACTTTCTGCTAGGAGTACCCTGATGAGATCGAGTAC-3

Bovine VEGF

(nucleotides 244-269)

5'-GGCCTCCGAAACCATGAACTTTCTGCTAGGAGTACCCAGATGAGATTGAGTTC-3'

Human VEGF-B

(nucleotides 730-755)

5'-GCCAAACAGCTGGTGCCCAGCAGATCCTCATGATCCGGTACC-3'

(nucleotides 301-322)

Bovine VEGF-B  5'-CACAGCCAGTGTGAATGCAGACCAGCTTCCTCCGTTGTCAAGG-3'

(nucleotides 587-607)

Human VEGF-C ~ 5'-GGTCCTTCCACCATGCACTTGAGATCTGGAGGAGCAGTTACGG-3"

(nucleotides 513-534)

Bovine VEGF-C = 5'-GAACAAGGCTTATGCAGGCAAAGGAAAGGAGGCTGGCAACATAG-3'

Human PIGF

Bovine PIGF

(nucleotides 378-398)

5'-ACCATGCAGCTCCTAAAGATCCAAGGTGCGGCGATGCTGTTC-3'

(nucleotides 741-760)

5-GTGCCCTTCCAGCAAGTGTGGGCTGCTGCAGTGATGAGAG-3'

(nucleotides 561-580)

Underlined sequences indicate the nucleotide sequences of the primers used in the competitive PCR, which are the same

sequences as those used in the RT-PCR.
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CGGGCCCGCGCCATEEGGCTCTGGCTGCCGCCGCCCCCCGCGCCGCCCGGCTAGGGCGAT 60
GCGGGCGCCCCCGGCGCECGGCCCCCGCGEGCACCATGAGCCCCCTGCTCCGCCGCTTGC 120
M _ S P L L R R L L 9

TGCTCGCCGTECTCCTGCAGCTGGCCCCCGCCCAGGCCCCCGTCTCCCAGCCTGATGCCC 180
L AV L L O L A P A OA PV S QP DA P 29

CTGGTCACCAGAAGAAAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACCTGCCAGC 240
G HQ XK KV VS WIDVZYH ARAMATTCOQTP 49

CGCGGGAGGTGETGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCARAGCAACTGG 300
R EV VYV PLNMETLMGTV AKOQILV 69

TGCCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGT 360
P S CVTVQRCGGCCPDDGTILEC 89

GCGTGCCCACTGGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCA 420
vV PTG Q HQVRNOTIILMTIAOQY?®PS s 109

GTCAGCTGGGAGAGATGTCCCTGGRAGARCACAGCCAGTGTGAATGCAGACCAAARAAAC 480
Q L G EMSULETEHSOQQCETCRZP_K KR 12

GAGAGAGTGCTGTGAAGCCAGACAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCE 540
E S AV K ?PDSPRZPILCUPRTCPQ_R_R 149

GCCAGCGCCCTGACCCCCGGACCTGCCACTGCCGCTGCCGACGCCGCAGCTTCCTCCGTT 600
Q R P DPRTCHGCRCRRRSTF LR C 16

GTCAAGGGCGGGGCTTAGAGCTCAACCCAGACACCTGCAGGTGCCGGAAGCTGCGARGGT 660
Q 6 R GL EL N PDTC_RC_RKUL_R R * 188

GACAAACTGCTTTTCAGACTCAGTGGGGCCCCTAGCCTCACAGCCCTCCCCCCAGAGAGE 720
GCAGGAGGGCAGCCTGGTGAGAACCGTCCAGTCGCCARGACCTCAGCCTGGGCAGAAGCT 780
CCTCCGGGACCTGGGCCTCTT CTTCCAGCTGCCCCTTGTCTCTCCAAGGCTGC 840
CATCCAACAACGTGGACAGAGTTGGATGAGGAGACCAAGAGGGGTCACATACCAACCTGG 900
AAGAGAATGGGGTCCCGACTCAGATTTTARCCACCTTGTACAAGTGAGCATCTAACAGCT 960
GGCTCCTCTGTCCCCTCACTGAGAAGACCCCAATCCTCTACAAAAATGTGGGAGTTGGGC 1020
TPCAGCGCAGGAACTGTGAACCCCAGTCCTGATAARAGAGATGGAAGGAACTGTCAARAA 1080
AARAAAAAAAAAAAAARAARAAAAARA 1107
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Human FhRFEKKRRIRQR* R RRFRRE KR IR R AR IR RRE*odekdeokdk R Pokekkkk ok k
A\ v y A
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vy v v
Bovine ILMIQYPSSQLGEMSLEEHSQCECRPKKRESAVKPDSPRPLCPRCPQRRQ
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Human SekkkkkRRAK kAR kR hk Rk kA AR I AR R hkkhkkhkkhk 67

Fig. 1. Isolation and characterization of the cDNA encoding
bovine VEGF-B. (A) Sequencing strategy for cDNA encoding
bovine VEGF-B167. (B) Nucleotide and deduced amino acid
sequences of the bovine VEGF-B167 ¢cDNA. Nucleotide
residues are numbered in the 5’ to 3’ direction, beginning with
the first 5’ residue of the longest cDNA. Amino acid residues
are numbered beginning with the initiator methionine.
Sequence of the putated signal peptide and polyadenylation
signal-like sequence are underlined. Basic amino acid
clusters and sequence similar to hypoxia-inducible protein
binding sequence 5-(U/C)(C/U)CCCU-3’ are double-
underlined. The nucleotide sequence has been submitted to
the DDBJ, EMBL and GeneBank with nucleotide sequence
accession number AB004273. (C) Alignment of the amino
acid sequences of bovine, mouse and human VEGF-B167.
Amino acid residues are numbered beginning with the first
residue of predicted mature protein. Sequences of the
putated signal peptides are underlined. Identity of the amino
acid sequences with the bovine sequence is indicated by
asterisks. Cystein residues conserved among the three
species are indicated by triangles.




VEGF 7 7 3 1) —R{ZFRE DR & 583 617

KT v MO — VT 2 23— (Bellco, Vineland, [E) M
ZiEE, 0, (5%, 25% F72130%) £ CO, 5%) &N, (90%,
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YN IND I AL £ 0.05 % DI T 24— IR R
50,

VI. 55 (reverse transcription, RT )-PCR %
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fze N ERIBANICE MR, v IR AR S 2 Ay
7L 737 O mRNAR#F v b (Pharmacia) #JHWTHEY A
RNAZHEL, RUIRTHEHRT T 4 v — %V CRT-PCR %
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V7 v AR TE A, RT-PCRE, EMME 2% 7
O— A7 NVEKKETHE L, Hybond-N'F A 2 v (7w
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MetSerProLeuleuArgArgleuleuleuAlaVallLeuLeuGlnLeuAlaProAlaGlnAlaProval

ATGAGCCCCCTGCTCCGCCGCTTGCTGCTCGCCGTGCTCCTGCAGCTGECCCCCGCCCAGGCCCCCETC
GCAGCTGGCCCCCGCCCAGGCCCCCGTC
GlnLeuAlaProAlaGlnAlaProVal

SerGlnProAspAlaProGlyHisGlnLysLysValValSerTrpIleAspValTyralaArgAlaThr
TCCCAGCCTGATGCCCCTGGTCACCAGAAGRAAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACT
TCCCAGCCTGATGCCCCTGGTCACCAGAAGARAGTGGTGTCATGGATAGACGTGTATGCTCGTGCCACC
SerGlnProAspAlaProGlyHisGlnLysLysValValSerTrplleAspValTyrAlaArgalaThr

CysGlnProArgGluValValValProLeuAsnMetGluLeuMetGlyThrValAlalysGlnLeuval
TGCCAGCCGCGGGAGGTGETGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCAAGCAACTGGTG
TGCCAGCCGCGGGAGGTGGTGGTGCCCCTGAACATGGAGCTCATGGGCACTGTGGCCAAGCAACTGGTG
CysGlnProArgGluvalvalvalProLeuAsnMetGluLeuMetGlyThrValAlaLysGlnLeuval

ProSerCysValThrValGlnArgCysGlyGlyCysCysProAspAspGlyLeuGluCysValProThr
CCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGTGCGTGCCCACT
CCCAGCTGCGTGACAGTGCAGCGCTGTGGCGGCTGCTGCCCTGACGATGGCCTGGAGTGCGTGCCCACT
ProSerCysValThrValGlnArgCysGlyGlyCysCysProAspAspGlyLeuGluCysValProThr

GlyGlnHisGlnValArgMetGlnIlelLeuMetIleGlnTyrProSerSerGlnLeuGlyGluMetSer
GGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCAGTCAGCTGGGAGAGATGTCC
GGGCAGCACCAAGTCCGAATGCAGATCCTCATGATCCAGTACCCAAGCAGTCAGCTGGGAGAGATGTCC
GlyGlnHisGlnValArgMetGlnIleLeuMetIleGlnTyrProSerSerGlnLeuGlyGluMetSer

LeuGluGluRisSerGlnCysGluCysArgProLysLysArgGluSerAlaValLysProAs—-~ -
CTGGAAGAACACAGCCAGTGTGAATGCAGACCARRAAARCGAGAGAGTGCTGTGARGCCAGA ~=mmmm
CTGGAAGAACACAGCCAGTGTGAATGCAGACCAARAARACGAGAGAGTGCTGTGAAGCCAGACAGGGCT
LeuGluGluHisSerGlnCysGluCysArgProLysLysArgGluSerAlaValLysProAspArghAla

TCCACTCCCCACCACCGTCCCCAGCCCCGCTCTGTTCCGGGCTGGGACCCTGCCCCTGGAGCACCCTCE
SerThrProHisHisArgProGlnProArgSerValProGlyTrpAspProAlaProGlyAlaProSer

pSerProArgProLeuCysProArgCysProGlnArgArgGlna

CAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCCGCCAGE
CCAGCTGACATCACCCATCCCACTCCAGCCCCAGGCCCCTCTGCCCACGCTGCCCCCAGCGCCGCCAGT
ProAlaAsplleThrHisProThrProAlaProGlyProSerAlaHisAlaAlaProSerAlaAlaser

rgProAspProArgThrlysHisCysArgCysArgArgArgSerPhelLeuArgCysGlnGlyArgGlyL
GCCCTGACCCCCGGACCTGCCACTGCCGCTGCCGACGCCGCAGCTTCCTCCGTTGTCAAGGGCGGGGCT
GCCCTGACCCCCGGACCTGCCACTGCCGLCTGCCGACGCCGCAGCTTCCTCCGTTGTCAAGGGCGGGGCT
AlaLeuThrProGlyProAlaThrAlaAlahlaAspAlaRlaAlaSerSerValVallLysGlyGlyAla

euGluLeuAsnProAspThrCysArgCysArgLysLeuArgArg***167

TAGAGCTCAACCCAGACACCTGCAGGTGCCGGAAGCTGCGAAGGTGACARRCTG.  « v u v v s e poly(a)
TAGAGCTCARCCCAGACACCTGCAGGTGCCGGAAGCTGCGAAGCTGACAAACTG . o v v v poly(a)
*%x%186

Fig. 2. Alignment of the nucleotide and deduced amino acid
sequences of bovine VEGF-B167 cDNA (upper two lines) and
a splice variant, VEGF-B186 ¢cDNA (lower two lines).
Nucleotide residues are numbered in the 5’ to 3’ direction,
beginning with the first 5’ residue of the VEGF-B167 cDNA.
Amino acid residues are numbered beginning with the initiator
methionine and expressed as three-letter codes, because this
helps understand the splice site and the frameshift more
decisively. Sequences of the putated signal peptides and basic
amino acid clusters are underlined. Dashed line indicates the
region which was alternatively spliced out in VEGF-
B167mRNA. The nucleotide sequence of bovine VEGF-B186
has been submitted to the DDBJ, EMBL and GeneBank with
nucleotide sequence accession number AB004274.
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Fig. 3. Isolation and characterization of the cDNA encoding

bovine VEGF-C. (A) Sequencing strategy for cDNA encoding
bovine VEGF-C. (B) Nucleotide and deduced amino acid
sequences of the bovine VEGF-C ¢cDNA. Nucleotide residues
are numbered in the 5’ to 3’ direction, beginning with the first
5 residue of the longest cDNA. Amino acid residues are
numbered beginning with the initiator methionine. Sequence
of the putated signal peptide and polyadenylation signal
sequence are underlined. Possible N-glycosylation sequences
and sequences similar to 5~-UUAUUUA(U/A)(U/A)-3’ are
double-underlined. The nucleotide sequence has been
submitted to the DDBJ, EMBL and GeneBank with nucleotide
sequence accession number AB004275. (C) Alignment of the
amino acid sequences of bovine and human VEGF-C. Amino
acid residues are numbered beginning with the first residue of
predicted mature protein. Sequences of the putated signal
peptides are underlined. Identity of the amino acid sequence
with the bovine sequence is indicated by asterisks. Dash
indicates gap in the bovine and human sequences in the
maximal matched alignment. Cystein residues conserved
between the bovine and human sequences are indicated by
triangles.
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CACTGGCCGGCTACGAGGGAGAGA AGGACCCGGGATCGCGCTGGGGCTCCTGACCCG 60
CCCTCCCAGGGACCCGCCTGCCCCACGCCGCCCGGCCCCGCCGGACTCTCTGCATCAGCC 120
TTACCTGCGGGGGCCTCCAGAATCTCCAGGACTTTCAGAGGATGCTCAGGTCGCCCACGG 180
GGACCTCGGGGCAGCAGTGAGGGGGGCATCCAGCTCCCATCCARCTCCGGTCCTGCGCCA 240
GGGGCTCCCCCTGGAGATGAGCATGGTGGTTTTCTCTTGGAGTCCCCTGGCTTGGTACGT 300
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CCCCCCACACCCAGCTCGTGTATTTATTAC CGTCACGTTCTCAGTTACCTCCCTGCTGGC 840
ACCTGCCCTCTATTTATTAGCCAATTGTATCCCTGCTGAATGACTCACTCCCTCCATGGG 900
ACAGGACCCTCAGGAATTCAGTGCCTTAAACAGAACGTGAGAGARAGAAGACAGACCCAT 960
GTGGCTTCAGCTTGAGAAGGAGCAAGACTTACGGCTTTGTGATGGGCAGGCCTGGCCCCA 1020
GAGGCCCCGGGEETCTCCAGGAGGCTGGAGAAGGAAGGACTGGAGACCCACCACCTGCCC 1080
TCCCGGAACCTTGGGCTCTGCGCAGACCAGCAAGCCTTGCTGGGGCAGCTCCTGGTGGAA 1140
GTGGGGEEGTETGGAGGCCCCTGCTCTGECCACCCTGGCCCTGCTGAGAGGGTGGGCGGGC 1200
AGCCACTCTGCACCCCGGAGGTTGEACGTTCAGCTCTGGAGAACAGTGCTTGCCTGGGGE 1260
GCCTCTGCCACTCCTCGTCCCCTCAGTCTCGCCTCACCTCTTAACTGCTGCTTGTGCTGG 1320
GACATTGTTCTTTGTGGCCAAGGCATCATCATCCTGCCCCTCTCARAGGACAAAGGCAAAR 1380
AGTGGGCCCCAAGCTGGACATGGAGTGAGCTGCCCTCGCGTGGCTGTCTGACTGCCARGC 1440
CAGATTCTCTTGAATAAAGTATTCTAGTCTGCAAAAAAAAAARARAAAR 1489
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Fig. 4. [Isolation and characterization of the ¢cDNA encoding
bovine PIGF. (A) Sequencing strategy for cDNA encoding
bovine PIGF. (B) Nucleotide and deduced amino acid
sequences of the bovine PIGF cDNA. Nucleotide residues are
numbered in the 5 to 3’ direction, beginning with the first 5’
residue of the longest cDNA. Amino acid residues are
numbered beginning with the initiator methionine. Sequence
of the putated signal peptide and polyadenylation signal
sequence are underlined. Possible N-glycosylation sequences
and sequences similar to 5-UUAUUUA(U/A)(U/A)-3’" and
sequences 5-(U/C) (C/U)CCCU-3’ are double-underlined.
The nucleotide sequence has been submitted to the DDB]J,
EMBL and GeneBank with nucleotide sequence accession
number AB004272. (C) Alignment of the amino acid
sequences of bovine and human VEGF-C. Amino acid
residues are numbered beginning with the first residue of
predicted mature protein. Sequences of the putated signal
peptides are underlined. Identity of the amino acid sequence
with the bovine sequence is indicated by asterisks. Cystein
residues conserved between the bovine and human sequences
are indicated by triangles.
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Fig.5. RT-PCR analysis of VEGF, VEGF-B, VEGF-C and PIGF mRNAs in pericytes. Poly A" RNAs from microvascular pericytes, which
had been cultured under various oxygen tensions, underwent quantitative RT-PCR analysis as described under Materials and Methods.
The products were electrophoresed on 2% agarose gel, transferred onto nylon membranes, and hybridized with “P-end-labeled probe
specific to VEGF (A), j3-actin (B), VEGF-B (C), VEGF-C (D) and PIGF (E) mRNAs.
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Fig.6. RT-PCR analysis of VEGF, VEGF-B, VEGF-C and PIGF mRNAs in microvascular endothelial cells. Poly A* RNAs from
microvascular endothelial cells, which had been cultured under various oxygen tensions, underwent quantitative RT-PCR analysis as
described under Materials and Methods. The products were electrophoresed on 2% agarose gel, transferred onto nylon membranes, and
hybridizes with “P-end-labeled probe specific to VEGF (A), f-actin (B), VEGF-B (C), VEGF-C (D) and PIGF (E) mRNAs.
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Fig.7. Competitive RT-PCR analysis of VEGF family mRNAs of bovine pericytes. Competitive PCR was performed as described under
Materials and Methods, and products were analyzed by 2.5% agarose gel electrophoresis and visualized with SYBR green. The RT-PCR
product derived from the competitor (Com) has been designed to be slightly smaller than mRNA-derived products, of which length are
indicated. (A) Competitive RT-PCR analysis of VEGF mRNA. Lanes 1-5 represent: 40 ng of polyA* RNA from bovine pericytes with 1)
9.5 X 10° copies, 2) 3 X 10° copies, 3) 9.5 X 10* copies, 4) 3 X 10'copies, 5) 9.5 X 10" copies of competitor RNA, respectively. (B)
Competitive RT-PCR analysis of VEGF-B mRNA. Lanes 1-5 represent: 20 ng of polyA’ RNA from bovine pericytes with 1) 9.5 X 10
copies, 2) 3 X 10" copies, 3) 9.5 X 10" copies, 4) 3 X 10° copies, 5) 9.5 X 10* copies of competitor RNA, respectively. (C) Competitive RT-
PCR analysis of VEGF-C mRNA. Lanes 1-5 represent: 5 ng of polyA" RNA from bovine pericytes with 1) 3 X 10° copies, 2) 9.5 X 10"
copies, 3) 3 X 10* copies, 4) 9.5 X 10" copies, 5) 3 X 10" copies of competitor RNA, respectively. (D) Competitive RT-PCR analysis of PIGF
mRNA. Lanes 1-5 represent: 40 ng of polyA’ RNA from bovine pericytes with 1) 3 X 10 copies, 2) 9.5 X 10" copies, 3) 3 X 10" copies, 4)
9.5 X 10* copies, 5) 3 X 10* copies of competitor RNA, respectively.
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Fig. 8. Competitive RT-PCR analysis of VEGF family mRNAs of human microvascular endothelial cells. Competitive PCR was performed
as described under Materials and Methods, and products were analyzed by 2.5% agarose gel electrophoresis and visualized with SYBR
green (A, C, D) or autoradiography (B). The RT-PCR product derived from the competitor (Com) has been designed to be slightly
smaller than mRNA-derived products, of which length are indicated. (A) Competitive RT-PCR analysis of VEGF mRNA. Lanes 1-5
represent: 40 ng of polyA” RNA from human microvascular endothelial cells with 1) 9.5 X 10* copies, 2) 3 X 10* copies, 3) 9.5 X 10" copies,
4) 3 X 10° copies, 5) 9.5 X 10* copies of competitor RNA, respectively. (B) Competitive RT-PCR analysis of VEGF-B mRNA. Lanes 1-5
represent: 80 ng of polyA’ RNA from human microvascular endothelial cells with 1) 9.5 X 10 copies, 2) 3 X 10* copies, 3) 9.5 X 10° copies,
4) 3 X 10° copies, 5) 9.5 X 10° copies of competitor RNA, respectively. (C) Competitive RT-PCR analysis of VEGF-C mRNA. Lanes 1-5
represent: 80 ng of polyA’ RNA from human microvascular endothelial cells with 1) 3 X 10° copies, 2) 9.5 X 10° copies, 3) 3 X 10° copies,
4) 95 copies, 5) 30 copies of competitor RNA, respectively. (D) Competitive RT-PCR analysis of PIGF mRNA. Lanes 1-5 represent: 10 ng
of polyA” RNA from human microvascular endothelial cells with 1) 3 X 10° copies, 2) 9.5 X 10° copies, 3) 3 X 10° copies, 4) 9.5 X 10*
copies, 5) 3 X 10' copies of competitor RNA, respectively.
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Table 3. Copy number of VEGF family mRNAs in human microvascular endothelial cells and bovine pericytes

Endothelial cell Pericyte
mRNA . -
Copies/u g polyA* RNA Copies/cell Copies/ ¢ g polyA™ RNA Copies/cell
VEGF ~75X10° 2~3 ~2.4X10° ~12
VEGF-B <~3.8X10* <0.1 ~1.2X10° ~1
VEGF-C <~ 4X10? <0.001 ~1.2X107 ~60
P1GF ~9.5X107 ~300 ~2.4X10* ~0.1

Copy number of each mRNA was estimated by competitive PCR as described under Materials and Methods.
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VEGF165 --rEgelse rvobBolrdkEsd------~--—- kTS~ ----RdxaRoLELNHR

P1GF149 ~=-=-CGDTIS 149

VEGF-B167 -~-prEPoRE- - - orebBREAHERG- -~ -~ - - - RREE---F éﬂ

VEGF-C AALPQCOAANKTCPADY TWNNHVIIRLAQHDF 1 FSPSAGDDSADGFEDHIGPNKELD)

VEGF165 " ErdokFRR 190

VEGF-B167 ErdrELRE 188

VEGF-~C BokVCRGELOA SSCEPHREL DRDSCOCVCKNKLFPSSCGANREFDENTCQCICKKTCPRNQ

VEGF-C PLNPGKCACECTENPOKCFLKGKKFQHQTCSCYRRPCTNRVKHCEQGLSFSEEVCRCVPS

VEGF-C YWKRPHVN 420

Fig.9. Alignment of the amino acid sequences of bovine

VEGF, VEGF-B, VEGFE-C and PIGF. Amino acid residues are
numbered beginning with the first methionine. Boxed amino
acids indicate identical amino acids with the VEGF sequence.
Cystein residues conserved among the four sequences are
indicated by triangles. Dashes indicate gaps in the maximal
matched alignment.

Endothelial Cells

Pericytes
Fig. 10. Expression of the VEGF family in vascular endothelial
cells and pericytes.
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Abstract

As a first step toward the elucidation of the expression and function of new members of the VEGF family, the author
isolated the bovine cDNAs encoding VEGF-B, VEGF-C and PIGF from the bovine heart-derived cDNA library. (1) The
bovine VEGFE-B ¢cDNA, which was named as VEGF-B167, encoded 188-amino acid protein containing 21-amino acid signal
sequence. The nucleotide and deduced amino acid sequences of the bovine and human cDNAs shared 93.7% and 93.6%
sequence identity, respectively. A splice variant encoding mature VEGF-B of 186 amino acids was also isolated. (2) The
bovine VEGF-C cDNA encoded 420-amino acid protein containing 20-amino acid signal sequence. The nucleotide and
deduced amino acid sequences of bovine and human cDNAs shared 86.9% and 88.1% sequence identity, respectively. (3)
The bovine PIGF ¢cDNA encoded 149-amino acid protein containing 20-amino acid signal sequence. The nucleotide and
deduced amino acid sequences of bovine and human cDNAs shared 74.9% and 75.2% sequence identity, respectively. Next,
bovine retinal pericytes and human dermal microvascular endothelial cells were cultured under various oxygen tensions, and
subjected to the analysis of expression of the VEGF family genes in these cell types. Quantitative reverse transcription-
polymerase chain reaction analysis demonstrated that both cells possess not only VEGF mRNA but also VEGF-B, VEGF-C
and PIGF mRNAs. To quantify the amount of each mRNA species, the author conducted competitive PCR using mRNAs
from human microvascular endothelial cells and from bovine pericytes cultured under normoxia. The competitive PCR
established that 1y g polyA*RNA from the endothelial cells contains about ~ 7.5 X 10° molecules of VEGF mRNA and ~
9.5 X 10" molecules of PIGF mRNA, and VEGF-B and C mRNAs below quantitative level (less than ~ 3.8 X 10" copies and
~ 4 X 10? copies/u: g polyA"RNA, respectively). The competitive PCR also showed that 1. g polyA"RNA from the pericytes
contains ~ 2.4 X 10°, ~ 1.2 X 10°, ~1.2 X 10" and ~ 2.4 X 10* copies of VEGF, VEGF-B, VEGF-C and PIGF mRNAgs,
respectively. These results suggest that the members of the VEGF family play important roles in the homeostasis of the
microvascular system and in angiogenesis in autocrine and paracrine manners.




